We use direct measurements of electrons and positrons corrected for solar modulation in the force-field approximation to obtain estimations of the local interstellar spectra. The resulting overall electron spectrum fits well with a single power law above a few GeV with spectral index À ¼ 3:44 AE 0:03, consistent with the spectral index obtained for the positron spectrum þ ¼ 3:43 AE 0:05, therefore suggesting a common acceleration process for both species. We propose that the acceleration engine was a nearby and recent shock wave originating from the last supernova explosion among those that formed the local bubble. This shock wave had to be quite soft, because no effect is seen on the proton spectrum. However, the large spread between different experiments clearly suggests the need for new, accurate measurements over a large energy range.
INTRODUCTION
Cosmic ray (CR) electrons are probably accelerated by the same engines that accelerate CR protons and nuclei (Galactic supernova explosions). Positrons, whose flux is 10% of the electron flux above a few GeV, are believed to be produced by the interactions of CRs with the interstellar medium ( ISM ) ( Berezinskii et al. 1990 ). The energy loss experienced by electrons and positrons during the propagation in the ISM is significantly different from that of protons and nuclei because of their smaller mass: they suffer large radiative losses (synchrotron radiation, inverse Compton scattering, and bremsstrahlung), which are usually negligible for the hadronic component.
The energy lost by CR electrons and positrons is proportional to the square of their energy; therefore, they cannot diffuse for large distances. Their average range is r $1 kpc
Moreover, the sources of high-energy electrons and positrons must be relatively recent in order not to have important radiative losses:
t rad % 2:1 ; 10
On the other hand, CR protons have a long residence time in the Galaxy ($10 7 yr) and sample a large fraction (%1/3) of the disk and halo ( Maurin et al. 2002) .
Many authors emphasized that the CR electron spectrum cannot be considered to be representative of a Galactic average, but it must reflect the recent history of the solar system neighborhood (see, e.g., Torii et al. 2001; Müller 2001; Stephens 2001) , especially in the highest energy range. However, the existing data on direct CR electron and positron measurements ( Fig. 1, Table 1 ) have been interpreted in a number of different ways. Atoyan et al. (1995) considered the overall electron spectrum as the sum of a Galactic average and a single source component, and Kobayashi et al. (2001) concluded that Vela (distance 250 pc, age 20 kyr) should have produced this component. However, Guetta & Amato (2003) emphasized that the high-energy photons coming from Vela are likely produced by hadronic processes instead of inverse Compton scattering. Another possible source could be the Monogem pulsar ( Thorsett et al. 2003) , whose distance and age match the prediction of the model by Erlykin & Wolfendale (1997) , who attributed the knee feature to a single nearby source. A few other nearby supernova remnants are considered by Kobayashi et al. (2004) . Pohl & Esposito (1998) considered the measured spectrum as the superposition of many ''single-source'' components, producing several spectral breaks and a time-dependent electron spectrum. However, apart from solar modulation, none of the measured spectra show significant distortions above a few GeV. Rather, the ''structures'' in the electron spectrum arise only when several experimental results are considered together.
Finally, Müller (2001) considered different behaviors in different energy ranges, depending on the energy-dependent diffusion coefficient, the energy losses, and the distance to the nearest sources. He concluded that the shape of the CR electron interstellar spectrum should show a couple of spectral breaks ( but one of them could be at energies too low to be detected); the measurement in the energy ranges corresponding to the spectral breaks should then provide important constraints on models of the Galactic disk.
In this paper we study the local interstellar spectrum (LIS) of electrons and positrons, after having corrected each measurement for the solar activity within the spherically symmetrical force-field approximation (see Appendix). In addition, following Müller (2001) and Du Vernois et al. (2001) , we rescaled the fluxes obtained by a few experiments in order to reduce the large spread between different measurements, working on the hypothesis that systematic errors do not sensibly affect the spectral indices.
LOCAL INTERSTELLAR SPECTRA
Using the solar magnetic field model of Parker (1965) and the spherically symmetrical analytical solution found by Gleeson & Axford (1967 , 1968 ; see also our Appendix), it is possible to demodulate the measured spectrum of a CR species if the solar activity is known. The demodulated spectra measured by the experiments listed in Table 1 is shown in Figure 2 for the electrons and Figure 3 for the positrons.
The large spread observed above several GeV, where the solar modulation effect can be neglected , must be produced by unknown systematic deviations that affect the event reconstruction and /or the spectrum unfolding, as already pointed out by Müller (2001) and Du Vernois et al. (2001) . Most of the experiments (especially the oldest ones) quoted only statistical errors in their tables. Systematic uncertainties are estimated on the level of 10%-20%, depending on the energy and the experiment, but they are not sufficient to explain the observed spread between 10 and 100 GeV. Rather, it is apparent that the experiments can be grouped into two sets with different normalizations, which, however, agree in everything that affects the spectral index.
In order to reduce the spread between the electron measurements, following the approach of Müller (2001) and Du Vernois et al. (2001) , the upper set of data points was Sun Polarity Fanselow et al. (1969 Notes.-The value of the solar modulation parameter was estimated using: (a) neutron rates; ( b) the proton spectrum measured by the same detector; and (c) the proton spectrum measured by a different detector in the same period. Positive and negative solar polarities refer to epochs when the magnetic field emerging from the north pole of the Sun points outward and inward, respectively ( Bieber et al. 1999 ). The energy range is reported for electrons only.
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- (1) rescaled to match the local interstellar flux at 20 GeV obtained with the best fit of the lower set, which contained the most recent experiment (the 1998 Alpha Magnetic Spectrometer [AMS 98] experiment; Alcaraz et al. 2000a ). The resulting data points can be fitted with a single power law for energies greater than 3 GeV, as shown in Figure 4 , and the spectral index is À ¼ 3:44 AE 0:03 between 3 GeV and 2 TeV.
A similar procedure has been applied to renormalize the positron local interstellar spectra obtained with MASS 89 and MASS 91 (which have higher normalization factors than the other experiments), and the results were fitted with a single power law above 0.7 GeV ( Fig. 5) ; the spectral index is þ ¼ 3:43 AE 0:05. In the low-energy region, the positron measurements are in good agreement and are well fitted by a single power law, in contrast to the electron measurements. This can be explained by the slightly different solar modulation experienced by particles with opposite sign (which is not taken into account by the spherically symmetrical model). In particular, most of the positron measurements were done in positive phases of the solar cycle, when the magnetic field emerging from the north pole of the Sun pointed outward ( Bieber et al. 1999) . In this case, the antisymmetry of the Parker field above and below the equatorial plane produces a drift velocity field that is converging to the equator for positive particles and diverging from it for negative particles (Clem et al. 2000) . The result is that the spherical approximation works well for positive particles but not for negative particles at low energy.
Even though many of the errors in Figures 4 and 5 are underestimates because some of the experiments quoted only statistical uncertainties, the values of the 2 of the fits divided by the number of degrees of freedom are quite good: there is no evidence of a departure from a single power law above a few GeV for both CR electrons and positrons. The only exception could be the TeV region, where a cutoff above 1-2 TeV is still compatible with the large error bars even if new measurements with higher statistics are needed to check this hypothesis. In addition, the spectral indices for electrons ( À ¼ 3:44 AE 0:03) and positrons ( þ ¼ 3:43 AE 0:05) are remarkably similar. However, the large spread between different experiments clearly indicates the need for new, accurate measurements over a large energy range.
INTERPRETATION
The small value of the positron-to-electron ratio (10% above a few GeV ) has been interpreted as the proof that positrons are the decay products of the charged pions generated by the interactions of CR protons and nuclei with the ISM, whereas electrons are of primary origin (see, e.g., Berezinskii et al. 1990 ). According to this hypothesis, electrons and positrons are produced by very different sources: supernova explosions (impulsive events) for the electrons, secondary production (stationary process) for the positrons. In addition, it is well known that, a long time after the acceleration , their spectrum should become steeper due to the radiative energy losses: % þ 1, where is the spectral index at the source. The CR proton and helium spectral indices are roughly equal to 2.8. The secondary pions should have a similar spectrum , and so the expected spectral index for positrons (and electrons of secondary origin) is P3.8; however, we obtained ¼ 3:4, the same value as the electron spectrum.
A possible explanation of why the local interstellar spectra of CR electrons and positrons have the same spectral index is the existence of a common acceleration process. This engine might also be the source of the measured electrons, even if it accelerated all positrons and electrons already existing in its environment. The best candidate would be a shock wave produced by a very recent and nearby stellar explosion, because there is no evidence of either a spectral index change or a cutoff in the electron spectrum up to 1-2 TeV. Hence, the source might be the last stellar collapse among the supernovae that formed the local bubble ( Erlykin & Wolfendale 1997; Maíz-Apellániz 2001; Benítez et al. 2002) .
The ''natural'' spectral index produced by this engine must be P 3:4, equal to or slightly harder than the measured spectral index of positrons and electrons, because the acceleration is recent enough for the spectrum not to have been distorted significantly by radiative losses. The shock wave compression ratio was R ¼ ( þ 2)=( À 1) k 2:25, i.e., it was ''softer'' than the usual compression ratio R ¼ 4 used in the literature (Schlickeiser 2002) , which corresponds to a source spectral index ¼ 2 and to a synchrotron spectral index a ¼ ( À 1)=2 ¼ 0:5. This value for a is the average value of Green's catalog of Galactic supernova remnants (Green 2001) , whereas the value inferred from the measured positron and electron spectra (a P 1:2) is higher than all measurements reported in this catalog. Hence, we do not expect to see important effects on the synchrotron background produced by the shock wave that accelerated electrons and positrons.
The injection spectral index is also harder than the preexisting positron spectral index (with (þ) pre % 3:8); thus, it is possible that positrons gained energy during the reacceleration, whereas the harder spectra of protons and nuclei were not affected. In fact, the proton spectrum should not be affected at all, for two reasons. First, protons have a long residence time in the Galaxy and sample about one-third of its disk ( Maurin et al. 2002) . Hence, one can estimate the number N of supernovae that contributed to the proton spectrum by considering the rate of supernova explosions in one-third of the Galactic disk as À1 % (100 yr) À1 and the residence time as T % 10 7 yr; then N ¼ T À1 % 10 5 . Thus, a single source will typically contribute a very small fraction of the CR protons. Second, the ''natural'' spectral index produced by our source ( P 3:4) is higher than the proton index, i.e., its spectrum is softer. In this case, one does not expect such a weak reacceleration to increase the existing spectral index; the proton spectrum remains the same as before the shock ( H. J. Völk 2003, private communication).
CONCLUSION
The cosmic ray electron flux has been measured for more than 30 years with balloon and satellite experiments over a wide energy range. The results from different detectors are not always compatible within quoted errors, especially for the oldest experiments. In addition, the energy range below 100 GeV is covered by many experiments, but above this level only data from Nishimura et al. (1980 Nishimura et al. ( , 2001 are currently available. They were obtained using the emulsion chamber technique, but in the near future experiments using different techniques will be employed. For example, the PAMELA (Bonvicini et al. 2001 ) and AMS 02 (Aguilar et al. 2002) detectors will be magnetic spectrometers with proton-electron discrimination obtained using an electromagnetic calorimeter and a transition radiation detector. In addition, the proposed CALET experiment (Torii et al. 2003) will adopt calorimetric techniques to measure the electron (plus positron) spectrum up to 10 TeV, allowing for the discovery of the maximum energy beyond which the spectrum will show a cutoff.
The local interstellar spectra obtained from different experiments by correcting their measurements for the solar modulation, after rescaling a few of them to minimize the spread, are well fitted by single power laws, whose spectral indices are À ¼ 3:44 AE 0:05 for electrons from 3 GeV up to 2 TeV and þ ¼ 3:43 AE 0:05 for positrons above 0.7 GeV. The remarkable coincidence of the two spectral indices can be explained if a common acceleration mechanism is assumed for the two species. This engine must have been weak enough not to affect the spectra of CR protons and nuclei and the acceleration process must have been recent and nearby in order not to distort the power law. The scale of the distance and the age of the acceleration would be constrained by the knowledge of the energy level of the expected cutoff, which will be possible with the experiments planned for the near future.
The authors wish to thank the LEAP and AMS collaborations for the numerical tables of their proton and e þ =e À spectra, the anonymous referee, and S. Cecchini 1 as a function of time. The years in which the electron measurements were carried out are also displayed, together with the years of proton measurements. The detection rate of neutron monitors is proportional to the integrated CR flux above a characteristic energy that depends upon the position of the detector in the geomagnetic coordinate system ( Usoskin et al. 2002) , and it is clearly anticorrelated to the solar activity, a phenomenon called ''solar modulation. '' In order to estimate the LIS of CR particles, it is necessary to choose a model for the solar modulation. We used the analytical spherically symmetric solution found by Gleeson & Axford (1967 , 1968 to the diffusion equation of charged particles inside the heliosphere model of Parker (1965) , in which only adiabatic losses are considered. The diffusion coefficient depends on the particle rigidity R and the distance r from the Sun, with a typical timescale of 11 yr, given by the solar activity half-cycle. Over this timescale, the variation of the incoming CR flux from the Galaxy is assumed to be negligible, and the problem reduces to the onedimensional diffusion of charged particles that are adiabatically decelerated by the solar wind. The analytical solution (Gleeson & Axford 1968 ) is
where J(r, E, t) is the measured differential flux of particles with total energy E and rest mass E 0 =c 2 , J (1; È(t) þ E) is the stationary flux outside the heliosphere of particles with energy E 0 ¼ È(t) þ E, and È(t) is the energy lost by the particles traveling inside the heliosphere.
In this ''force-field'' model, one can write È(t) ¼ jZje(t); where jZje is the absolute value of the particle charge, and the solar modulation parameter (t) can be expressed as a function of the diffusion coefficient and the solar wind velocity. Actually, the full force-field parameter is the nondimensional term =½ 2 (R), where is the particle velocity in units of c and 2 (R) is the rigiditydependent term of the diffusion coefficient (Gleeson & Urch 1973) . However, 2 / R and % 1 above 200 MeV; hence, using (interpreted as the rigidity loss of incoming particles) as the single parameter is a good approximation of the numerical solution of the spherically symmetric transport equation that correctly includes adiabatic energy losses (Caballero-Lopez & Moraal 2003) . In this paper, we considered a free parameter to be measured independently.
The best way to measure is to use equation (A1) with the spectrum of primary CR protons ( Boezio et al. 1999) , as shown in Figure 6 (right panel) for the AMS experiment (Alcaraz et al. 2000b ). An Ansatz must be used for the local interstellar flux J (1; È(t) þ E ); we chose from the analytical forms used in the literature the one with the best fit (lowest value of the 2 /degrees of freedom) of recent measurements, which is a simple power law in rigidity. This functional form is well suited to fit experimental data , as it has been well known for several years (see, e.g., Seo et al. 1991) , apart from the solar maximum phases (a bad fit is obtained with MASS 91, with % 2 GV ). Proton data from LEAP (1987; see Seo et al. 1991) , MASS (1989; see Webber et al. 1991; Bellotti et al. 1999 ), IMAX (1992 see Menn et al. 2000) , BESS (for 1993, see Wang et al. 2002; for 1998 for , see Sanuki et al. 2000 and for , see Asaoka et al. 2002 , CAPRICE (for 1994, see Boezio et al. 1999; for 1998 for , see Boezio et al. 2003 , and AMS (for 1998; see Alcaraz et al. 2000b ) were used to find the values of the solar modulation parameter. For the years for which no proton measurements are available, the neutron monitor rates were used to estimate . Usoskin et al. (2002) simulated the expected neutron rates for different values of , taking into account the sensitivity and geomagnetic cutoff of each neutron detector. In this way, they were able to use the yearly average Climax neutron monitor rate to derive the values of since 1953. However, they adopted for the proton LIS a different function from the single power law used in this paper and obtained values systematically lower than those given by the simple power law fits. Nonetheless, the values computed by Usoskin et al. (2002) were used for the electron and positron spectra demodulation to scale given by the nearest proton measurements to the corresponding values at different years. The values of corresponding to each experiment are listed in Table 1 . 
